Background: HIV therapy reduces the CSF HIV RNA viral load (VL) and prevents disorders related to HIV encephalitis. However, these brain disorders may persist in some cases. A large population of antiretroviral-treated patients who had a VL . 1.7 log 10 copies/mL in CSF with detectable or undetectable VL in plasma associated with cognitive impairment was studied, in order to characterize discriminatory factors of these two patient populations.
Methods: Blood and CSF samples were collected at the time of neurological disorders for 227 patients in 22 centres in France and 1 centre in Switzerland. Genotypic HIV resistance tests were performed on CSF. The genotypic susceptibility score was calculated according to the last Agence Nationale de Recherche sur le Sida et les hépatites virales Action Coordonnée 11 (ANRS AC11) genotype interpretation algorithm.
Results: Among the 227 studied patients with VL . 1.7 log 10 copies/mL in CSF, 195 had VL detectable in plasma [median (IQR) HIV RNA was 3.7 (2.7-4.7) log 10 copies/mL] and 32 had discordant VL in plasma (VL , 1.7 log 10 copies/mL). The CSF VL was lower (median 2.8 versus 4.0 log 10 copies/mL; P , 0.001) and the CD4 cell count was higher (median 476 versus 214 cells/mm 3 ; P , 0.001) in the group of patients with VL , 1.7 log 10 copies/mL in plasma compared with patients with plasma VL . 1.7 log 10 copies/mL. Resistance to antiretrovirals was observed in CSF for the two groups of patients.
Conclusions: Fourteen percent of this population of patients with cognitive impairment and detectable VL in CSF had well controlled VL in plasma. Thus, it is important to explore CSF HIV (VL and genotype) even if the HIV VL is controlled in plasma because HIV resistance may be observed.
Introduction
HIV disease can be associated with pathological changes in the brain resulting in HIV-associated neurocognitive disorders. Several studies have shown that cognitive impairment and brain injury may persist in chronically HIV-infected patients on ART.
1,2 HIV-1 may enter the CNS rapidly after infection and continue to replicate due to failure of drug pressure in this compartment and progressive immune deficiency. 3, 4 In some HIV-1-infected patients, HIV-1 RNA viral load (VL) is higher in CSF than in plasma. [5] [6] [7] The reason for this discordance remains to be determined. Furthermore, it was shown several years ago that small groups of HIV-infected patients experienced 'CSF viral escape'. These patients had undetectable VL in plasma, but HIV was detected in CSF. [5] [6] [7] This retrospective multicentre study supported by the Agence Nationale de Recherche sur le Sida et les hépatites virales (ANRS) aimed to evaluate a large population of antiretroviral-treated patients who had an HIV RNA VL .1.7 log 10 copies/mL in CSF associated with cognitive impairment. In the analysis, two groups were considered in order to investigate their discriminatory factors: patients with detectable VL in plasma and patients with VL ,1.7 log 10 copies/mL in plasma.
Materials and methods

Patients
We studied all CSF/plasma pairs with detectable VL (.1.7 log 10 copies/mL) in CSF between 2000 and 2013 in 22 centres in France and 1 centre in Switzerland. The indications for lumbar puncture are reserved for people affected by severe cognitive impairment without aetiological orientation (disabling cognitive impairment accompanied by motor dysfunction, speech problems and/or behavioural change). Socio-demographic and clinical data as well as treatment regimen were collected for all studied patients. Participating laboratories belong to ANRS and participate in the ANRS quality control assessment of HIV-1 drug resistance sequencing. 8 The study was approved by the scientific committee of Action Coordonnée 11 of ANRS.
Genotyping resistance testing
The reverse transcriptase (RT) and protease resistance mutations were determined in each laboratory using the ANRS consensus technique (http:// www.hivfrenchresistance.org), a Bayer TrueGene Kit, an Abbott ViroSeq Kit or an in-house method. The RT and protease mutations were identified from the latest IAS-USA resistance testing panel (http://www.iasusa.org) and were interpreted with the ANRS genotypic algorithm (http://www.hiv frenchresistance.org). According to the ANRS algorithm, the genotypic susceptibility score (GSS) of treatment was calculated on antiretrovirals currently available (n " 18) using a value of 1 for a susceptible drug and 0 for a resistant or possibly resistant drug. Antiretroviral penetration was estimated using the revised CNS penetration effectiveness score. 9 
Statistical methods
Quantitative variables are summarized as median and IQR and qualitative variables as percentages. Comparisons between independent groups were performed using the Kruskal-Wallis non-parametric test. No correction for multiple testing was made and the analysis was done with SAS (version 9.4).
Results
Overall, 227 patients (65% male, median age 45 years) were studied. Current and nadir CD4 cell counts were 230 (110-452) and 67 (24-165) cells/mm 3 , respectively. Overall, the median CSF HIV RNA was 3.8 (3.1-4.6) log 10 copies/mL. Among the 227 patients, 195 had HIV RNA detectable in plasma [median HIV RNA was 3.7 (2.7-4.7) log 10 copies/mL] and 32 had discordant VL (,1.7 log 10 copies/mL in plasma) ( Table 1) . The clinical and virological factors were then compared between these two groups of patients.
The CSF VL was lower (2.8 versus 4.0 log 10 copies/mL; P , 0.001) and the CD4 cell count was higher (476 versus 214 cells/mm 3 ; P , 0.001) in the group of patients with VL ,1.7 log 10 copies/mL in plasma compared with patients with plasma VL .1.7 log 10 copies/mL ( Table 1 ). The nadir CD4 tended to be higher (92 versus 63 cells/mm 3 ; P " 0.064) in the group of patients with undetectable VL in plasma. No difference was observed between patients with plasma HIV VL ,1.7 and .1.7 log 10 copies/mL for GSS and Charter score ( Table 1 ). The presence of HIV CSF resistance for at least one antiretroviral drug was detected for 75% (24/32) and 78% (152/195) of patients with plasma HIV VL ,1.7 and .1.7 log 10 copies/mL. The details of HIV resistance are described for the two groups of patients in Figure 1 .
Discussion
In this multicentre study, among 227 HIV-1 patients with neurological disorders and HIV-1 RNA VL .1.7 log 10 copies/mL in CSF, 32 (14%) patients presented virological discordance with an undetectable VL in plasma. This rate of discordance is similar to other reports from clinical settings. 5, 6 The VL observed in CSF in the group of patients with HIV VL ,1.7 log 10 copies/mL in plasma was lower than that in patients with detectable VL in plasma, probably due to HIV local replication (sanctuary site). For the patients with detectable VL in both compartments, the CSF VL probably reflected HIV crossing the blood-brain barrier from circulating blood. The CSF/plasma VL discordance could also be associated with an increased expression of host inflammatory mediators in the CSF of discordant patients in comparison with non-discordant patients. 10 It could be interesting to study the microglial activation that is a hallmark of neuroinflammation and to evaluate a potential role in HIV neurological disorders.
11
The CD4 cell count at the time of lumbar puncture was higher for patients with discordant VL than in patients with detectable VL in both compartments. This result was in accordance with the fact that patients with discordant VL had a plasma VL ,1.7 log 10 copies/mL. Indeed, the ART was effective and allowed CD4 recovery.
The genotypic resistance testing in CSF for all included patients in this study revealed that patients with detectable or undetectable VL in plasma could have HIV antiretroviral resistance in CSF whatever their VL in plasma. It is important to note that despite an undetectable VL in plasma, the virus in CSF may continue to evolve and develop some resistance to antiretrovirals and become less susceptible to treatment. 12, 13 An implication for clinical practice is the need to perform an HIV genotypic resistance test.
14 There was evidence for a correspondence between the drug's penetration properties and its CNS efficacy during ART, but ART should not be based only on the Charter score but also on HIV genotypic resistance testing. 9, 15, 16 Indeed, changing ART based on the CSF resistance genotype Soulie et al. has led to clinical improvement. 7, 17 Furthermore, it would be interesting to keep studying this type of cohort to evaluate the impact of the most recent antiretrovirals.
Higher CNS penetration effectiveness scores correlate with lower CSF viraemia and a CNS penetration effectiveness score .6 is thus recommended to achieve control of HIV replication in CNS. 18 In our study, the patients of the two studied groups had a similar CNS penetration effectiveness score, .6. Thus, the replication in the CNS was not explained by a Charter score that was too low.
In conclusion, 14% of patients with cognitive impairment and HIV RNA .1.7 log 10 copies/mL in CSF had well controlled VL in plasma. Thus, it is important to explore HIV CSF (VL and genotype) even if the HIV VL is controlled in plasma because HIV resistance may be observed. Optimization of ART could be necessary, using fully active drugs with improved CNS penetration. Figure 1 . HIV-1 antiretroviral resistance in CSF for patients with HIV RNA VL , 1.7 and .1.7 log 10 copies/mL in plasma. Light grey bars, patients with VL , 1.7 log 10 copies/mL in plasma (n " 32); dark grey bars, patients with VL . 1.7 log 10 copies/mL in plasma (n " 195). ZDV, zidovudine; 3TC, lamivudine; FTC, emtricitabine; ddI, didanosine; d4T, stavudine; ABC, abacavir; TDF, tenofovir; EFV, efavirenz; NVP, nevirapine; ETR, etravirine; RPV, rilpivirine; IDV, indinavir, SQV, saquinavir; NFV, nelfinavir; FPV, fosamprenavir; LPV, lopinavir; ATV, atazanavir; TPV, tipranavir; DRV, darunavir.
